| INTRODUC TI ON
Candidemia is a growing problem in healthcare settings in many countries worldwide. 1 A recent study conducted in 183 US medical centers showed that Candida species have become the most commonly identified pathogens in nosocomial bloodstream infections.
2
Despite advances in the recognition of high-risk patients with candidemia and antifungal agents, the reported overall mortality due to candidemia is very high, ranging from 25% to 72%. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Moreover, inappropriate therapy for systemic Candida infection imposes a heavy economic burden mainly due to prolonged hospital stay and overall use of hospital resources. 15, 16 Appropriate empirical antifungal therapy and source control are required to reduce mortality in patients with candidemia. [4] [5] [6] [7] 16, 17 Although 16 and that the overall rate of adherence to recommendations for the use of antifungal agents was 40% even in a tertiary care hospital, 21 emphasizing the need to narrow the gap between clinical evidence and bedside practice.
Infectious disease specialists and antimicrobial stewardship teams (AST) have helped encourage the integration of evidencebased treatment into bedside practice. Meta-analyses suggest that consultation with infectious disease specialists for patients with
Staphylococcus aureus bloodstream infection was associated with
improved patient management. 22, 23 Other meta-analyses found that antimicrobial stewardship interventions were effective in reducing carbapenem consumption and mortality. 24, 25 However, it is not uncommon not only in Japan but also in other countries for rural hospitals to have vacancies for infectious disease physicians (IDPs), mainly due to shortages of IDPs. Thus, little is known about the impact of non-IDP AST on clinical outcome of patients with candidemia. The aim of this study was to evaluate the impact of non-IDP AST on candidemia. We hypothesized that the presence of the AST at our facility was associated with lower mortality among patients with candidemia even if the team does not include IDPs.
| MATERIAL S AND ME THODS

| Study design and setting
We conducted a before and after study of episodes of hospital-acquired candidemia between November 2006 and October 2012. Because we started this project on November 2009, data of up to 3 years of preintervention and 3 years of intervention period were compared.
The setting was Saku Central Hospital, located in Nagano Prefecture, Japan. Although Saku Central Hospital is more than 600-bed rural tertiary hospital, no IDPs had ever worked in the facility. In our study, we defined IDPs as infectious disease specialists or physicians who were primarily engaged in the management of infectious diseases even if they were not specialists. All cases of infectious diseases including bacteremia and candidemia were clinically managed by the attending physicians who were not IDPs. All study procedures were approved by the Institutional Review Boards of Saku Central Hospital.
| Patients
All hospitalized patients aged ≥18 years who developed candidemia during the study period were entered into the study. We defined an episode of candidemia as isolation of Candida spp. in at least one blood culture in a patient with clinical signs and symptoms of infection. Episodes were considered to be separate if they were caused by different species or occurred at least 30 days apart, with resolution of clinical features of infection and at least one negative blood culture during the treatment period. 26 Patients were excluded if they were on comfort care or on do-not-resuscitate (DNR) order. 
| Antimicrobial stewardship team
| Data collection
The baseline characteristics of each study patient were recorded when blood culture was identified as positive for Candida species. These included age, gender, race, intensive care unit (ICU) stay, the hospital ward, and comorbidities at the time of diagnosis of candidemia. The infection-related characteristics examined in this study included the use of CVC, use of parenteral nutrition, immunocompromised status at time of diagnosis, administration of broad-spectrum antibiotics and surgery within 30 days of candidemia diagnosis, infection source, and pathogen species. All cases of candidemia were identified during the preintervention period through the microbiological laboratory database, and all patients clinical and test data were obtained from the electronic or paper medical records.
| Outcomes
The primary outcome was 30-day all-cause mortality. Survival was defined as the time from the first day of positive blood culture for Ophthalmological examination indicated referrals to an ophthalmology specialist for examination for endophthalmitis during the treatment period. All outcomes were confirmed by the medical records.
| Microbiological techniques
Candida spp. were isolated from blood specimens using an automated broth microdilution system (BacT/ALERT 3D; BioMérieux Industry, France) and identified using standard techniques. Unfortunately, the microbiological laboratory at our hospital did not perform antifungal susceptibility testing on a routine basis during the preintervention period.
| Statistical analysis
The baseline characteristics of the patients were expressed as frequencies for categorical variables and median (interquartile range) (IQR) for continuous variables. We used Fisher's exact test and
Mann-Whitney U test to determine the significance of differences between two groups.
For the primary analysis, the time-to-event analysis was performed using the Kaplan-Meier method, and survival curves between the groups were compared using the log-rank test. The multivariable Cox proportional hazards model was used to estimate the hazard ratio (HR) and 95% confidence interval (95% CI). The outcome was adjusted for age, gender, recent surgery, ICU admission, immunocompromised status, bacteremia, chronic kidney disease, chronic heart disease, and malignancy at baseline. [4] [5] [6] [7] [8] 10, 17 Due to the relatively high numbers of covariates that needed to be adjusted for, compared with the number of outcomes, we also used the propensity score method. First, we calculated the propensity scores to estimate the probability that the caring physicians would receive recommendations from the non-IDP AST using a multivariate logistic regression model that contained all the covariates listed above.
Then, the scores were directly incorporated into the statistical models to balance for potential confounders.
For the secondary analysis, the Fisher's exact test was used to compare between-group differences. Proportion ratios were reported with 95% CI without adjustment. All tests were two-tailed, with differences reported as significant when the P value was less than .05. Statistical analyses were performed with STATA statistical software, version 13.0 (STATA Corporation, College Station, TX, USA).
| RE SULTS
| Participants
During the evaluation period, a total of 78 consecutive patients developed candidemia and none was lost to follow-up. Among these patients, 2 had a DNR order. For the remaining 76 patients included in the analysis, the median age was 74 years (IQR 64-82), with 30 (39.5%) females (Table 2) . Malignancy was the most common underlying condition, while neutropenia was rare (1.3%). The majority of patients (n = 60; 78.9%) had a CVC in place at the time of diagnosis of candidemia. C. albicans was the most common spp. isolated (n = 30, 39.5%), followed by C. parapsilosis (n = 20, 26.3%) and C. glabrata Table 3 ). The Kaplan-Meier curves demonstrated that the likelihood of survival was not better for patients receiving recommendations for treatment of candidemia compared to patients not receiving recommendations (Figure 1) . However, the result changed after propensity score adjustment (adjusted HR 0.68 [95% CI 0.24-1.91]; P = .46), although the difference remained statistically insignificant.
| Primary outcome
| Secondary outcomes
Among patients with candidemia, those of the intervention group were significantly more likely to receive appropriate empirical anti- 
| D ISCUSS I ON
For patients with candidemia, our study showed that recommendations provided by the non-IDP AST through implementation of a therapeutic management bundle did not improve prognosis. However, we found substantial project-associated increases in adherence to the IDSA guidelines for management of candidemia. These results are important because this study was conducted at a tertiary hospital in which no IDPs provided clinical service. Although antimicrobial stewardship programs should be organized by an interdisciplinary team led by an infectious disease specialist, 27 our results suggested that non-IDP AST could provide advice to the attending physician on treatment of candidemia in accordance with the guidelines.
To reduce the mortality rate in candidemia through the seamless integration of our recommendations into clinical practice, we implemented a multidisciplinary team approach 28, 29 and an evidence-based bundle based on antimicrobial stewardship programs. 30, 31 However, only 76.1% of the patients of the intervention group survived, with no significant difference in the survival rate between the two groups.
There are several likely explanations. First, the severity of illness and comorbidities is known to be associated with mortality. 7 Second, because delayed use of appropriate antifungal therapy is an independent predictor of hospital mortality in candidemia, [4] [5] [6] it is possible that the diagnosis was established at a late stage of the disease when patients were less likely to respond to antifungal therapy. Therefore, we need to promote not only our project but also education of the clinical staff at our hospital to enhance antimicrobial stewardship.
32
The implementation of bundles, which is concordant with guidelines, is reported to be effective in the field of infectious diseases.
According to a meta-analysis on prevention of surgical site infection 33 Two large multicenter studies reported that bundled interventions were associated with a decrease in healthcare-associated infections, such as catheter-related bloodstream infections and MRSA infections. 34, 35 Similarly, it has been reported that a national educational effort to promote bundles of care for severe sepsis and septic shock was associated with lower hospital mortality (44.0% vs 39.7%; P = .04).
36
Our project that used the bundle approach was considered useful in narrowing the gap between clinical evidence and bedside practice even in an IDP-lacking hospital. One of the main aspects of our study is that we suggested the beneficial impact of the non-IDP AST on adherence to the guidelines for management of candidemia. To our knowledge, this is the first report to suggest the association between the non-IDP AST and improved adherence to the guidelines not only in patients with candidemia but also in those with other infectious diseases. Although in general, the IDP-based AST is the best approach to integrate evidence-based treatment into bedside practice, 24, 25 even IDPbased AST seems to have limited value on improvement of prognosis of patients with candidemia. [37] [38] [39] Only a "before and after" study that evaluated the effect of active intervention by the IDP-based AST reported a significant decrease in the 30-day mortality rate from 56% to 22%. 38 However, multivariate analysis was not conducted to adjust for confounding variables and the sample size was smaller than that of our study. Given that there remain many IDP-lacking hospitals worldwide, it is noteworthy that even the non-IDP AST was associated with improved management of patients with candidemia.
TA B L E 2 Baseline characteristics
Apart from the above strong points, there are several important limitations to our study that should be mentioned. First, similar to other studies that evaluated the effect of an evidence-based bundle of interventions on reduction in healthcare-associated infections, 34, 35 we could not randomize patients with candidemia to receive the intervention or not. Whereas propensity score adjustment can effectively adjust for the observed baseline differences between the intervention and preintervention groups, it cannot adjust for unmeasured confounding factors. Therefore, it is possible that we overestimated the effect of our project. 40 Second, although the multivariate Cox regression model for survival analysis could have helped us understand the impact of our protocol, the sample size was too small to detect significant reduction in mortality. Third, the IDSA guidelines were revised during the preintervention period. It was important to define only the common elements of the two guidelines as secondary outcomes. Fourth, we did not perform routine measurements of minimum inhibitory concentrations for various antifungal agents used for treatment of fungal infections nor did we assess antifungal susceptibility. Fifth, we did not assess any potential adverse outcomes associated with the non-IDP AST. However, at least the activity of our team was never rejected by the attending physicians. Finally, another limitation is related to external validity, in particular, the single-center design. This may limit generalization of our findings, although we developed our project simply based on the IDSA guidelines.
| CON CLUS IONS
Among patients with Candida spp.-positive blood cultures, the non-IDP AST was not associated with improved 30-day mortality.
TA B L E 4
Comparison of adherence to the guidelines between the preintervention and intervention groups 
F I G U R E 1 Kaplan-Meier estimates of survival
However, the project significantly improved adherence to the guidelines for management of candidemia. With increased attention to antimicrobial stewardship programs, identifying an appropriate management for candidemia is essential even in hospitals lacking IDPs.
We believe that this project may have the potential to narrow the gap between clinical evidence and bedside practice even in a hospital in which IDPs do not provide clinical service worldwide. Further studies are warranted to confirm the effects of similar non-IDP ASTs in a multicenter setting.
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